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ABSTRACT:  Multiple  Airborne  and  Ground  based  plall'orm.s  will  share  mullifuncllonal.  common 
■'Syslcm  2350"  laser  modules.  Increased  commonality  is  needed  lo  signlticantly  reduce  dcveloprrwnt. 
product! on >  and  logistics  costs.  The  platform  constraints  and  requirements  have  similarities  making  a 
la.ser  common  modular  concept  viable  Within  the  very  broad  range  of  desired  laser  functions,  a  common 
need  exists  for  long-range  designating.  Eyesafe  rangelmdlng.  and  target  profiling,  and  adding  opdeal 
augmentation  and  MILES  as  required.  A  diode  pumped  ND:YAG  Laser  Engine  and  sivltchabic  OPO 
wavelength  conversion  .satisfied  the  high  end  designation  requirerr>ent  and  eyesafe  ranging  task.  This 
la.ser  engine'.s  asse.ssed  compact  siac  meets  the  smallest  of  the  platform  space  claims.  An  InGaAs  APD 
array  module  permits  profiling  with  the  high  energy,  lotv  rep  rate  engine  output  The  laser  engine, 
receiver  array,  and  a  mix  of  mature  and  moderate  risk  technologies  (e.g..  diode  laser  stacks,  TEC.  OPG- 
based  wavelength  converters,  tvavelength  selector,  arnl  dual  wavelength  receivers)  form  a  common 
module  B  KIT.  The  outlined  module  interfaces  plan  for  multiple  combinations  In  an  open  system 
arehiteelure.  Conceptual  laser  system  dcslgn.s  for  the  Apache  Helicopter  and  the  Abrams  Tank  platforms 
arc  prc.sentcd  using  comir>on  moduic.s  providing  both  existing  and  new  functions  within  the  current  space 
claim. 

1.0  Introduction 

The  "Sy.stcm  2350”  concept  builds  laser  systems  for  multiple  platforms  from  common  modules  and 
components  Current  system  dc.sign  practice  already  manages  laser  sy.stem  complexity  and  maintenance 
by  modularizing  the  laser  sy.stem.  The  System  2350  .seeks  to  further  reduce  dcvcloprrwnt.  production,  and 
logistics  cost  by  using  rr>orc  generally  applicable  modules.  Production  costs  would  drop  if  only  for 
increased  quantity.  LogJ.stics  i.s  the  larger  portion  of  the  life  cycle  cost  of  most  systems,  and  maintenance, 
training,  and  support  would  have  more  common  equiprr>cnt  and  fixture.s  through  an  open  architecture. 
This  summary  details  the  efforts  of  one  of  three  trade  studies  awarded  under  the  Broad  Agency 
Announcerrwnt. 

A  common  rm^dular  laser  system  will  add  new  laser  functions  within  the  existing  laser  volurr>c  and 
system  constraints.  Laser  missions  over  the  range  of  platforms  require  operational  versatility  and  arc  not 
satislled  with  one  or  two  operational  modes.  If  common  modules  arc  versatile  enough  to  provide  these 
operational  features  in  some  instances,  they  should  succeed  in  increa.sed  functionality  in  most  instances. 

The  starting  assumption  wa.s  that  all  laser  requirements  could  not  be  satisfied  with  a  single  la.scr 
system.  Study  efforts  concentrated  on  a  modular,  configurable.  Ia.ser  system  that  could  address  a  great 
majority  of  platforms  and  missions.  This  goal  of  broad  application  was  to  be  achieved  while  still  meeting 
individual  target  systems’  space  claim  and  functions. 
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14  ABxSTRAt'T 

Muluplc  Aitborne  and  Ground  based  plarfomts  will  share  multifunctional,  conunon  '’System  2350?  laner  modules.  Increased  comn>onality  is 
needed  10  significantly  reduce  development,  producliwi,  and  logistics  costs.  The  platfomt  constraints  and  requirements  have  similarities 
in  J  king  a  laser  common  n>odular  ccuKept  viable.  Within  the  very  broad  range  of  desired  laser  functions,  a  common  need  exists  for  long-range 
Je'ieiijtijig.  Eyesafe  rangefinding,  and  target  profiling,  and  adding  optical  augmentation  and  MILES  as  required.  A  diode  pumped  KD;  YaG 
Lj'Ci  Engine  and  switchable  OPO  wavelength  conversion  satisfied  the  high  end  designatiwi  requiren>ent  and  eyesafe  ranging  cask  This  laser 
?nginc?s  as.sessed  compact  size  meets  the  smallest  of  the  platform  space  claims.  An  InGaAs  .APD  array  module  pemtiis  profiling  with  the  high 
?nci  gy  low  rep  rate  engine  output  The  laser  engine,  receiver  array,  and  a  mix  of  mature  and  nroderaie  risk  technologies  le  g.,  diode  laser 
•ucks.  TEC.  OROhased  wavelength  converters,  wavelength  selector,  and  dual  wavelength  receivers)  form  a  comnron  module  B  KIT  The 
.‘utlmed  module  interfaces  plan  for  multiple  combinations  in  an  open  system  architecture.  Conceptual  laser  system  designs  for  the  Apache 
Heliioptei  and  the  Abrams  Tank  platforms  are  presented  using  common  modules  providing  both  existing  and  new  functions  within  the  current 
•p.ii.e  claim. 
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ExUling  multifiJiictiona}  laser  syslcms  were  reviewed  in  examine  ihclr  mndulatlly.  These  syslems  had 
desirable  fcalurc.s  5^uch  as.  diode  pumping  and  operalional  flexibilily  consi^^lcnl  wiih  a  System  2350 
concept.  The  Comanche  laser  is.  the  ficsl  laclieah  modular,  mullifunclional  laser.  Comanche  laser 
modules  depicted  in  Figure  1  served  as  a  starting  point  in  eommim  module  feasibility  assessment. 
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Figure  1  —  Camanche  Common  Modules 


2.0  Multiple  Applications:  Laser  Requirements  and  Priorities 

An  overview  of  platf«irm  constraints  and  requirements  show.s  (he  similarities  and  ditTercnces  in 
current  laser  requirements. 
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2.1  Platform  Prioritias 


A  large  number  of  plalfiiims  were  idcnlificd  wilh  laser  syi(ems  or  requiremenLs  for  diverse  funclions. 
To  sel  ihe  proper  reladvc  emphasis  >  pnorilies  were  a.ssigned  (o  each  plall'orm  or  group  of  plalfiirms  in 
Table  1.  The  (nlcgralcd  Produce  Team  priorides  rcdecled  both  ihc  number  of  platforms  and  cmphaslacd 
platforms  v^lth  neat*(erm  rccjuiremenLs.  The  rccjulremcnls  and  v^cighLs  in  Table  1  ate  generated  by  the 
[PT  specifically  for  this  study  and  ate  not  necessarily  formal  performance  requirements  or  formal  priority 
a.ssc.ssrr>ents.  These  t,vel^ts  de*emphaslacd  the  rarer,  special  mission  platforras  that  could  unduly  drive 
cost  or  risk.  TTic  high  priority  platforms  included  the  airborne  Apache,  Comanche,  and  Kiot,va  Warrior 
and  the  Abrams,  Bradley,  and  Future  Scout  ground  platforms.  Manportables,  Unmanned  Aerial  and 
Ground  Vehicles  received  low  priority.  The  Land  Warnor  and  LLDR  received  high  priorities  due  to  the 
high  laser  content  and  performance  requirement  similarities. 

Table  1  —  Uodated  Prioriiization  Table 
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2.2  Functioffal  Prioritias 

Twenty  (20)  possible  laser  functions  were  identified  acro.ss  the  major  plathirras.  The  IPT  weighted 
the  platform’s  needed  functions  f«ir  relative  irnpumance.  For  example,  the  Apache  Helicopter  was 
assigned  5  functions  with  weights  of  27%,  34%,  13%.  20%,  and  6%  (for  a  1(10%  total).  IPT  debate  and 
study  changed  some  weights  considerably.  The  Pointing  function  was  downgraded,  while  initially  low 
ranked  Optical  and  EIcctro-optical  Detection  functions  were  more  desirable  than  originally  estimated. 


Tabic  I  illustrates  the  combined  effect  of  the  platform  weights  and  functional  ivcights.  The  resulting 
weight  of  each  laser  system  function  is  shown  in  the  right*hand  column.  Although  the  relative  Importance 
of  the  platforms  differs  with  mission  and  operadonal  .scenarios,  the  weighting  by  the  number  of 
respective  platforms  only  provided  small  changes  In  the  overall  outcome  of  the  weighting  process.  The 
most  important  and  eommon  functions  acro.ss  both  airbtimc  and  ground  platforms  arc  the  ability  to 
perform  eyesafe  rangefinding  and  to  designate  targets.  These  core  funclions  mu.sl  be  addrc.sscd.  Target 
Profiling,  Op(ical/Elcclro*Optical  Detection,  and  M1LE,S  training  were  rr>cdium  pnorlly  functions.  This 


second  (ierof  funcliori.s  is  carefully  considered  (o  cslcnd  and  enhance  (he  inuUi*fijncdonali(y  of  (he 
.sy.s(em. 

The  least  common  runc(ioiLs  received  the  lowes(  pnorUi^adon  radngs.  These  runc(ion.s  included 
targc(  marking,  (argel  pHiindng,  nigh(  vision  goggle  illuminalion,  eyesafe  designation,  and  combat 
identification.  SpeciaJiaed  functions  such  as  infrared  and  clcctro*optica]  countermeasures  scarcely  appear 
among  the  platform  functions  and  were  very  lighdy  weighted.  The  errwrging  technologies  of  ob.staclc  and 
mine  detection,  secure  communications,  and  chemical  and  biological  agent  detection  were  also  rare  or 
lightly  rated  even  among  airborne  platforms.  While  these  functions  were  low  priority,  they  were  not 
completely  undesired.  The  System  2350  concept  provides  for  (he  possibility  of  upgraded  or  new  systems 
a.s  threats  and  requirements  change. 

2.3  Operational  and  interface  Requirements 

The  operation  requirements  derived  from  the  mis,sion  statements  were  analysed.  Clear  similaritie.s  in 
requirements  and  functions  acro.ss  platforms  made  defining  comir>onality  occasionally  straightforward  In 
some  instances  incremental  changes  in  operational  requirements  addrcs.scd  additional  platform 
requirements  and  involved  performance  and  technical  trades.  The  analysi.s  found  a  high  degree  of 
.similarity  for  the  operational  requirements  for  the  airborne  platforms  with  high  Intcre.st.  Similarly  for  (he 
ground  vehicles,  there  are  many  common  operational  requirements. 

In  addition  to  operational  requirements,  platform  Interface  requirements  place  additional  constraints 
on  the  la.ser  system.  Each  platform  was  evaluated  for  laser  .sy.stem  interface  requirements  .such  as:  weight, 
volume,  power  con.sumption,  thermal  management,  optical  exit  aperture,  optical  transmission,  etc. 

3.0  Laser  Technologies  and  Emerging  Materials 

Emerging  material.s  and  laser  technologies  were  considered  for  applicadon  in  common  modules. 
Using  existing  laser  technologies  reduces  risk  Involved  with  a  near  term  System  2350  EMD,  but 
emerging  materials  and  technologies  were  considered.  Moderately  increased  risk  with  incorporation  of 
new  materials  in  EMD  would  be  attractive  if  overall  system  or  common  module  performance  could  be 
enhanced.  Even  where  risk  l.s  currently  unacceptable,  technologies  viable  forou(*year  development  were 
identified.  Figure  2  illustrates  the  study’s  technical  evaluation  flow. 


Figure  2 —  Technology  Drivers 


3.1  Host  Lassr  Crystals 

A  varicCy  of  la.scr  sources  were  evaluated  ascandidalc  lechnologies  for  System  2350  oscillators 
ampliUcrs,  and  wavclenglh  conversion  modules.  These  technologies  include  solid  slate  lasers  of  various 
lasing  and  host  materials,  tunable  lasers,  arul  combinations  of  laser  source  and  wavelength  shifters. 

Materials  providing  output  at  or  very  near  1064nni  are  focused  on  due  lo  the  high  priority  placed  on 
laser  designation  requiring  this  wavelength.  The  most  common  1064nm  lasers  are  Nd:YAG,  and  more 
recently  NdrYVOj.whlch  are  preferred  for  many  applications  In  spite  of  relatively  high  thermal  focusing. 
As  an  example,  NdiYVO^  is  a  good  choice  for  generation  of  short  Q*swltched  pulses  at  high  repetition 
rates  with  high  average  power.  Its  very  high  stimulation  emission  cross  section  (approximately  six  tirrKS 
that  of  Nd:YAG)  facilitates  shorl*pulse  Q*switching.  Tliis  performance  is  a  good  match  for  nondineai 
processes  and  applications  such  as  micro  machining,  rangefinding,  arul  harmonic  generation.  Of  the  less 
common  materials,  YAP  is  an  interesting  alternative  with  potentially  better  efficiency  that  diode  pumped 
Nd:YAG,  but  is  still  in  development  arul  may  prove  to  be  a  drop*in  upgrade.  This  upgrade  might  not 
affect  the  diode  pumping  array. 

Should  the  l.()64  micron  designation  requirement  be  relaxed  in  the  future,  other  diode  pumped  lasers 
such  as  YAP  (YALO)  and  Nd:YLF  could  prove  attractive.  The  Nd:YLF  medium  exhibits  minimal 
thermal  focusing  and  has  advantages  for  an  application  requiring  relatively  highCW  TENhto  output.  The 
choice  of  Nd:YLF  is  also  common  for  hlgh*cnergy,  low  repctition*rale  Q-switching  (below  5KHz) 
because  of  an  uppcr*state  lifctirrK  rr>ore  than  twice  that  of  Nd:  YAG. 

3.2  Waveier}gth  Agility 

Eyesal'e  operation,  pointing  for  mid  and  far  infrared  imagers,  and  optical  delectiort/countermcasures 
all  require  operation  at  wavelengths  other  than  l()64nm.  Wavelength  conversion  from  lOblnm  is  a  key 
technology  for  which  various  existing  and  emerging  lechnologies  were  compared  Conversion  can  be 
obtained  using  Raman  shifting  of  Nd:YAG  laser  radiation  In  compressed  gases  and  solid  crystals.  GPO 
(Optical  Patametnc  Oscillator)  conversion  provided  the  smallest  estimated  module  siae.  while  others 
provided  belter  efficiency  and  tunabillty. 

3.2.1  Wavelength  Conversion  for  Eyesafe  Capabilities 

Although  modules  for  GPO  or  SHG  wavelength  conversions  could  be  integrated  into  a  laser 
oscillator  or  amplitler  module,  more  modular  approaches  offer  improved  wavelength  selec lab! lily  for 
mission  flexibility  Ninety  degree  phase  matched  K.TP  (Potassium  TItanyl  Phosphate)  OPO  produces 
1.57pm signal  and  3.3pm  Idler  wavelengths  (when  pumped  by  l.()64pm  laser).  The  relatively  high 
stability  and  ruggedness  with  this  phase  match  olTers  dual  wavelength  selection  or  possibly  a  triple 
wavelength  selection  (c.g..  l  .()6pm.  the  OPO  1.57pm,  and  the  idler  beam  at  3.3pm,  all  co*boresightcd). 

Thirty-five  percent  conversion  efficiencies  of  Nd;YAG  (at  l.U64pm),  or  Nd:YLF  (at  l.(U7pm)  laser 
radiation  into  eyesafe  region  (at  1.52- 1.6 1pm)  are  obtained  today  in  2Umm  OPO  crystals  even  with 
highly  mulli*tran»verse*mode  pump  lasers.  High  beam  quality  OPO  conversion  (I5mm*mrad)  has  been 
demonstrated  in  a  reasonable  siae  resonator  ('64mm).  Short  OPO  resonators  are  compact  and  efficient 
(improved  temporal  matching)  but  result  in  a  low  brightness  OPO  laser  output.  A  30mm*mrad  beam 
quality  has  been  demonstrated  In  a  robust  32mm  length  cavity. 

3.2.2  Diversity  Shifting 

Wavelength  conversion  methods  providing  rrwre  than  just  eyesafe  laser  output  were  considered.  Of 
these,  tuning  with  OPO  and  Solid  State  Raman  conversion  appeared  most  attractive.  Tunable  laser  diodes 
provided  insufficient  peak  powers  for  most  applications,  and  Raman  conversion  with  a  gas  medium  wa.s 
loo  bulky. 


The  (unable  3  lo  S  micron  laacr  radialion  for  remole  .sensing  and  aclivc  imaging  applications  with 
OPO  crystal  rotation  with  17%  conversion  efficiency  offers  hundreds  of  nanorrwtcr.s  tuning  range.s  with  a 
single  configuration  Thi.s  makes  (he  OPO  a  serious  challenger  as  a  (unable  military  laser.  Of  particular 
interest  arc  (unable  single  OPO  conversions  and  double  OPO  conversion, 

A  critically  phase 'matched  OPO  conversion  from  l.()64pm  to  one  or  (vm  wavclength.s  at 
approximately  2. 1  ^m  has  a  high  effective  conversion  efficiency,  where  the  idler  output  and  the  OPO 
output  are  both  used  Temperature  changes  affect  rr>cchanical  stability  with  a  critically  phase-matched 
KTP  crystal  with  minor  wavelength  and  pointing  drift.  Double  OPO  conversion  require,s  a  cry.stal  other 
than  KTP  due  to  increased  bulk  absorpdon  past  3m m.  AgGaSci  is  a  candidate  OPO  cry.stal  in  advanced 
dcvcluprr>en(  which  providc.s  significant  tunable  output  from  7  to  llpm. 

KTP  i.s  operationally  tran.sparent  from  350nm-  3.3Mm.  has  satisfactory  resistance  (o  optical  damage, 
has  good  non* linear  rcspon.se.  and  is  currently  the  material  of  choice  for  (unable  conversion.  Today.  KTP 
crystal  with  gen’d  optical  quality  can  be  grown  and  cut  to  60x60x30mm^  and  even  larger  dimcn.sion.s. 

KTA,  RTA.  and  CTA  arc  promising  OPO  materials,  especially  for  tunable  radiation  in  3*5Mm  region 
for  remote  sensing  and  active  imaging  applications.  They  have  slightly  better  than  KTP  transmission  for 
idler  wavelengths  at  3«5Mm  range  and  may  present  a  g(H’d  competitor  to  (he  KTP  crystal.  Single  domain 
KTA,  RTA.  CTA  high  quality  cryslal.s  growth  is  .still  limited  to  relatively  small  dlmen.sions.  but  i(  ha.s 
pi’tcntial  to  be  improved  in  the  next  few  years.  At  KTP  crystal  dimensions,  these  newer  materials  arc 
cxpctlcd  to  have  better  efficiency  with  a  higher  laser  damage  threshold 

Each  of  (he  above  eryslaLs  can  be  periodically  polled  for  a  qualitatively  new  OPO  configuration  - 
quasi*phasc  matching  Further  development  is  needed  here  to  extend  OPOs  to  smoothly  tunable 
operation. 

OPO  conversion  efficiency  from  a  l  .Obpm  laxer  source  to  IUm"!  nearly  0.5%.  New  OPO  materials 
are  expanding  the  practical  tuning  ranges  of  .solid  state  materials  and  providing  greater  versatility. 
c.specially  in  the  infrared  region.  Materials  such  as  ainc  germanium  phosphide  (ZGPj  finds  use  in  the  3 — 
Spm  and  8— 12Mm  spectral  region.  A  novel  approach  to  generate  high  non-linear  coefficients  using 
stacks  of  oriented  GaAs  crystals  is  underdevelopment. 

Solid  state  Raman  conversion  efficiency  is  high:  30%  for  KGW.  and  60%  forBatNOdr  and  arc 
useful  for  deveUipmcnt  of  eyesafe  LRFs.  The  efficiency  of  the  Nd:KGW  crystal  makes  it  most  useful 
inside  (he  resonator,  and  BafNOOr  cry.stal  outside  the  resonator.  BalNOO^  Raman  conversion  should  be  a 
candidate  for  out  year  EMD  as  a  high-cfficicncy  converter  module  of  an  external  pump. 

3.3  Pump/ng  Technologies 

Moderately  high  laser  energy  pumping  technologies  for  the  1064nm  output  crystal  subset  were 
examined.  Flashlamp  pumping  was  quickly  eliminated  as  i(  was  not  competitive  in  lifecycle  cost  trades 
and  required  liquid  cavity  cooling  at  2f)  Ha  pulse  repetition  rates. 

Diode  Pumped  Nd:YAG  Solid  State  Lasers  offered  key  advantages  in  the  designation  and  target 
profiler  missions.  The  diode  pumped  lasers  ate  more  efficient,  more  compact,  and  consume  lower 
elceliical  power  than  l1ashlamp*pumped  lasers.  The  diode  arrays  have  long  operational  lifetime  and  can 
be  conductively  or  Ihermoelectrically  cooled.  There  is  no  maintenance  cost  associated  with  liquid 
coolant,  and  reliability  is  improved.  The  diodes  arc  coupled  to  (he  laser  crystal  within  the  diode  pumping 
cavity  with  concentrating  optics  fiir  better  pump  uniformity  and  efficiency.  A  high  quality  beam  with 
lower  divergence  and  better  beam  stability  is  produced  with  reduced  waste  heat. 

Several  pumping  geometries  were  evaluated  End  pumping  is  sufficiently  limited  in  energy  output  so 
as  to  be  unattractive  as  part  of  a  designation  source.  Pump  fiber  coupling  can  achieve  high  laser  energies 
but  has  low  efficiency.  Minimizing  the  laser  head  dimensions  by  relocating  (he  diodes  farther  away  from 


the  rod  Ls  an  advarilagc.  Side  pumpirig  a  rod  or  &lab  achieves  the  high  laser  energies  r>ccdcd  forrrKxsl 
inililary  applications.  Pumping  perpendicular  lu  lung  laser  axis  i.s  less  cfTicienl,  with  non*oplimal 
coupling  of  the  diode  radiation  into  (he  rod  or  slab,  bul  is  viable  due  lo  (he  large  crystal  absorption 
crossectiun.  T^e  high  peak  absorption  in  these  bands  (e.g,  -Sem*'  in  1%  Nd:YAG  at  8USnm)  allows  using 
these  arrays  in  a  side  pumping  gcorr>ctry  transverse  to  the  cavity  axis.  In  this  arrangement  the  individual 
la.scr  diode  emitters  are  not  required  to  be  coherent  with  each  other,  and  pump  powers  can  be  easily 
scaled  with  multiple  arrays  around  the  outside  of  the  rod  or  along  its  axis. 

For  side  pumping,  usually  a  number  of  linear  arrays  (bars)  are  stacked  together  and  mounted  on  a 
hcaLsink>  which  in  turn  i.s  rr>ounted  on  a  temperature  controlled  thcrmo*clcctric  cooler.  The  laser  diode 
output  IS  highly  divergent  in  the  vertical  dirr>cnsion.  The  geometry  of  coupling  is  designed  to  en.sure  good 
diode  light  coupling  into  the  laser  rod.  The  bars  arc  arranged  to  smooth  out  the  absorbed  energy  profile, 
allowing  for  a  circularly  symmetric  gain  profile. 

Radially  symmetric  pumping  and  cooling  of  the  oscillalor/ampllfier  Nd:YAG  rod  provide  uniform 
gain  distribution.  The  rear  of  the  rod  support  provides  a  conductive  heal  sink  for  crystal.  The  measured 
near  field  output  laser  energy  distribution  confirms  pumping  and  cooling  uniformity  The  use  of  the  laser 
crystals  in  the  form  of  cylindrical  rods  allow.s  a  uniform  gain  distribution  across  the  active  rr>edium 
thereby  improving  beam  uniformity  and  beam  divergence  as  compared  with  similar  diode-pumped  slab 
la.ser.s. 

Diodes  tailored  to  emit  807nm  with  bandwidlhs  of  Ic.ss  than  4nm  FWHM  can  be  temperature  tuned  to 
the  best  Neodymium  absorption  line  Mature,  commercially  available  GaAIAs  laser  diode  arrays  provide 
viable  quasi*CW  output  power  densities.  The  diode  arrays,  inside  their  protective  housing,  arc  piisitioned 
close  to  the  laser  rod.  directly  or  through  the  optically  matched  material.  F«irsuch  coupling,  the  low-order 
mode  .sias  arc  large  enough  for  reasonably  good  laser  extraction  from  the  entire  rod  cross  section,  and 
the  efficiency  of  coupling  of  the  pump  light  into  the  rod  i.s  not  very  sensitive  to  the  rod  barrel  finl.sh. 

A  fibcr-bundlcd-eouplcd  diode  bar  pump  module  uses  a  cylindrical  fiber  microicns  of  high  numerical 
aperture  to  collimate  the  diode  bar  output.  The  microicns  is  fixed  to  the  diode  bard  lo  reduce  the  fasl-axi.s 
divergence  of  the  diode  output.  In  this  case,  each  emitting  array  of  the  collimated  diode  bar  within  the 
diode  pump  module  is  coupled  to  a  multi-mode  optical  fiber.  The  optical  fibers  arc  drawn  together  into 
rour>d  bundles  of  1  —  1.5mm  diarr>eicr  and  nurr>crical  aperture  of  approximately  U.  1  at  the  output.  Of  the 
light  from  the  collimated  diode  bars,  85%  to  90%  i.s  emitted  by  the  bundle.  The  bundle  Is  terminated  with 
a  standard  fiber-optic  connector  that  conneels  precisely  lo  a  laser  head  that  can  be  located  remotely  from 
its  power  supply.  La.scr  heads  designed  for  this  pump  source  arc  typically  configured  to  image  the  output 
of  the  bundle  into  a  laser  crystal  through  a  diehroie  end  or  fold-mirror. 

3.4  Detectors 

The  collected  applications  require  both  highly  optimiacd  single  wavelength  receivers  and  multiple 
wavelength.  multi-elcrr>cnt  receivers.  A  complex  receiver  addressing  many  needs  i.s  justified  in  a  friendly 
form  factor.  Receiver  detectors  may  be  common  aero.ss  applications  and  platforms,  and  can  be  fiber 
optically  remoted  in  several  demanding  missions. 

MuUi-eIerr>cnl  linear  and  array  Sl.APD.  Ge  PlN.  and  lnGaA.s  PIN  detectors  have  been  fabricated  for 
many  years  by  different  companies.  The  Si  arrays  are  u.sually  made  using  a  doublc-dilTuscd  “reach 
through"  struelurc.s  hermetically  sealed  behind  a  gia.ss  window  of  a  common  housing  InGaAs  APD 
arrays  are  under  development  with  an  8x8  size  in  one  ca.se,  and  these  developments  are  con.sldered 
essential  in 

improving  laser  system  functionality  without  driving  average  transmitter  average  potver  and  sy.slemcost 
to  an  unacceptable  degree.  APDs  improve  on  the  scn.siliviiy  of  the  InGaAs,  PIN  with  a  structure  requiring 
a  70  -  1 20V  bias  for  APD  gains  of -10.  Element  sizes  run  85  -  2()0pm  for  10  -  30  AAV  scn.siliviiy  and  a 


SnWaU  NEP  a(  a  50MHa  amplifier  bandwiJUi.  A  lower  riik  approach  con.slnjcls  APD  arrays  wi(h 
individual  fiber  pigtailed  communicalions  receivers.  The  fibers  are  tightly  packed  in  a  focal  plane  fiber 
chuck  The  parallel  receiver  channels  each  consume  approximalcly  5x  10x35mjn  {0. 1  in'),  but  can  be 
located  within  the  optical  bench  with  great  flexibility  and  with  an  attractive  form  factor. 

4.0  Trade  Summary 

Figure  3  provides  a  conceptual  construction  of  a  multifunctional  laser  system  for  an  airborne 


Figure  3  —  System  2350  Laser  Block  Diagram 

platform  that  incorporates  a  subset  of  modules  (i.e.,  B  Kit)  drawn  from  the  tool  kit.  Laser  and  electrical 
modules  are  selected  as  required  to  enable  laser  designation,  eyesafe  range fir>ding.  andeyesafe  laser 
profiling.  A  MILES  module  is  shown  integrated  into  the  laser  system,  but  with  a  parallel  optical  channel. 
The  optics,  electronic  interfaces,  and  thermal  and  mechanical  components  and  interfaces  could  be 
platform'Spccific  (i.e.,  A  Kit).  Opticaj/elcctro*optical  detection  can  be  added  on  to  the  core  capabilities 
via  the  addition  of  a  wide  format  scanner.  This  capability  may  use  its  own  optical  channel  or  will  be 
combined  with  the  laser  rangefinder/designator/profiler  optics. 

4. 1  Laser  Trar^smiiter  MulihFur^ctionality 

Mission  requircrrKnts  analy.ses  for  each  capability  are  fiowed  down  to  laser  system  and  laser 
subasscrr^ly  paiairKters  to  define  critical  parameters.  The  flow  down  of  requircrrKnts  to  the  laser 
paraiTKtcr  is  not  independent  of  selected  laser  technology  and  laser  system  approach.  The  parameter  flow 
down  iteratively  alternated  between  approach  definition  and  performance  analysis  for  various  sets  of 
paraiTKters. 

4.2  Core  Fur^ctions:  Rangefmd'mg  and  Designating 

Eyesafe  rangefinding  requires  that  there  be  no  la.scr  safety  ha^rd  at  the  system  output  apertures  and 
implies  a  Class  I  or  Class  IlLA  safety  rating.  The.se  ratings  arc  most  easily  achieved  at  wavelengths  above 


1,4pm  and  btill  provide  viable  langclinding  perlbrnunce.  Even  with  appruprialc  wavclcugih  eunvcr&ions 
a  Clasa  I  niling  (musl  blringenl)  limils  ranging  performance  doc  lo  on  SmJ  pulse  energy  limii.  A  Cla.ss 
UlA  laser  is  also  considered  cyesafe,  with  a  nominal  ocular  hazard  dislancc  of  zero  (unaided  observer).  A 
Class  HIA  laser's  energy  output  is  limiLud  to  32niJ  al  l.Spm. 

Tcn*kilomcler  eyesaTe  range  finding  i  nooses  a  higher  laser  system  demand  and  is  considered  ihc  core 
rangefinding  remiircment.  A  20rrJ  eyesafe  rangeAndcr  with  a  90mm  diameter  receiver  aperture  diameter 
and  a  0.3mrad  divergence  provides  lOKm  ranging  In  lOKm  visibility.  Tbc  U.3mrad  divergence  is  driven 
by  the  NATO  target  angular  size  at  range.  A  10%  diffuse  rcHeclance  is  assumed  for  Ihis  target,  modesUy 
driving  energy  or  other  parameters.  lOKm  ranging  provides  good  performance  in  reduced  visibility 
(smoke  and  dust).  The  rangefinder  detecliim  range  is  always  greater  than  the  reduced  visibility  range. 

The  rival  technologies  arc  l.Ubpm  with  wavelength  eonversion  (such  a.s  OPO  or  Raman  shifting)  and 
direct  Erbium. 

Current  rangeAnding  requirements  in  the  Ml  A2  Abrams  Tank  arc  provided  with  an  Erbium  glass 
rangefinder,  The  A  ash  lamp  pumping  elAciency  of  this  rangefinder  is  low,  and  an  equivalent  eyesafe 
output  can  be  gencraled  with  a  diode  pumped  Nd;  YAG  laser  engine  and  OPO  conversion  with  an 
equivalent  amount  of  heat  dissipation,  Tbc  dilTcrcnec  is  cost,  rcliabiUly,  and  commonality.  The  up'frunt 
cosl  is  much  higher  in  rangefinding  with  diode  pumped  Nd:YAG  and  OPO  cyesafe  conversion,  but  the 
reliability  is  better,  and  upgrade  possibilities  through  commonality  arise. 

As  little  as  70mJ  Nd;YAG  pumping  pulse  energy  with  suitably  cfAcicni  and  .swiichabic  cye&ofc 
c'onversion  are  sufficient  for  full  lUKm  rangefinding.  The  limited  designation  capability  with  this  energy 
can  be  extended  to  a  full  lOKm  range  with  an  additional  diode  pump  laser  ampliAer. 

Figure  4  Rangefinding  and  Dvaignation  Performance  trit.  VUibility 

Laser  designation  is  a  driving  requirement  for  the  laser  output  energy,  output  wavelength  1 .064pm 
and  pulse  repetition  rale,  and  beam  quality.  The  laser  output  energy  had  lo  be  high  enough  to  satisfy  the 
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designation  range  requirement  for  both  airborne  (including  a  lock*on  before  launch  requirement)  and 
ground  designation.  Peri'ormance  analysis  resulted  in  a  required  value  of  17SmJ.  The  output  wavelength 


for  Je5^igTialion  of  l  .<)64fim  required  by  (he  cxi^^ling  arsenal  of  laser  guided  muniliunx  neccssitaLe.s  a  laser 
engine  for  designation  to  be  Nd  YAG.  Opcralion  a(  20'—  25Hi  pulse  rcpclition  rates  indellnilely  is 
considered  a  core  requircmcnl  in  order  lo  provide  required  Tri •service  codes  as  well  as  other  pulse 
ctKling  schemes.  This  can  be  a  problem  fur  a  laser*oplimi^ed  fur  high  rep  rales>  where  pumping 
efficiency  can  drop  if  pump  energy  is  reduced  (o  operate  continuously  The  system  output  divergence 
required  to  maintain  90  percent  of  the  energy.  95  percent  of  the  lime  within  the  boundaries  of  the  target, 
has  10  be  on  the  order  of  lOOprad.  which  requires  good  beam  quality  in  the  order  of  I0mm*mrad  raw 
beam  brightness.  These  core  requirements  affect  the  laser  engine,  diode  pumping  module,  heatsink,  and 
optical  bench  design 

Eyesafe  rangefinding  is  considered  an  essential  core  requirement  at  the  system  level  and  imposes 
only  a  conversion  requirerr>cnt  of  laser  output  to  an  eyesafe  wavelength  to  the  more  stressing  designator 
requirement.  An  OPO  conversion  module  capable  of  generating  35mJ  at  2UK^  and  1.57pm  output 
wavelength  is  the  preferred  method  to  provide  this  core  function.  The  system  level  energy  is  limited 
below  32mJ  in  order  lo  maintain  a  Class  Ilia  eye  safety  classification,  and  driven  lo  at  least  22mJ  lo 
satisfy  the  long*rangc  performance  requiremenl 

OPO  eyesafe  wavelength  conversion  has  been  broken  out  as  a  separate  component  lo  provide  system 
flexibility.  A  modular  approach  is  justified  with  rapid  wavelength  selection  of  cither  1.06pm  designation 
or  ihe  OPO-converted  1.57  pm  eyesafe  output  co-boresighted.  A  failsafe  (eyesafe)  wavelength  selector 
common  module  is  required  and  justified. 

Parameter  analysis  and  trades  suggest  missions  can  be  satisfied  by  a  common  basic  Nd:YAG 
"engine”  with  175mJ  at  1. 06pm,  with  high  beam  brightness,  with  a  swilchable  1.57pm channel  based  on 
an  OPO  with  35mJ.  Figure  4  provides  predicted  designation  and  range  finding  performance  for  this  type 
of  laser.  Integrating  a  common  modular  High  Power  diode  pumped  Laser  Engine.  Wavelength  Selector. 
Wavelength  Converter,  and  CCAs  into  a  hi^ly  compact  package  demonstrably  provides  these  core 
functions.  The  core  requirements  of  eyesafe  rangcfinding  and  laser  designation  have  already  been 
addressed  on  ELOP’s  Comanche  laser,  the  Fibcrlck  Multi*funclional  System,  and  on  Kollsman/ELOP’s 
SELRD  for  the  Kiowa  Warriiir.  In  particular,  the  SELRD  j  Kiowa  Upgrade)  laser  has  a  modular  package 
that  drops  into  all  the  priori tiaed  plalform  space  claims  with  minor  violations.  Addressing  the.se  two  core 
requirements  is  considered  ‘'no  nsk".  Other  solutions  involved  laser  siaes  complicating  a  common 
modular  package  definition. 

4.3  Target  Profiling 

Laser  profiling  can  be  performed  with  a  very  high  rep  rale  ( IKHa)  laser  system  or  with  a  25Ha  rep 
rate  laser  and  a  receiver  detector  array,  and  highly  parallel  processing.  There  is  an  increased  commonality 
with  the  low  rep  rale,  core  requirements,  and  a  detailed  technical  analysis  focused  on  the  later.  A 
commonality  trade  favors  simplifying  the  laser  transmitter  while  requiring  the  rec'civer  channel  optics 
and  electronics  to  perform  a  larger  part  of  (he  required  target  profiler  function.  Laser  profiling  with  a 
multielement  APD:InGaA.s  detector  array  and  parallel  receiver  processing  were  defined  to  assess  an 
associated  siac  ar>d  proces.sor  complexity  increase.  A  common  transmitter  can  provide  the  performance 
ncces5;ary  tor  eyesafe  target  profiling  with  a  small  receiver  matrix  and  micrO'Seanning.  Thc.se  modified 
receiver  technologies  and  scanner  technologies  operate  well  with  the  core  dcslgnalor/OPO  laser 
paraiTKlcrs.  The  development  risk  of  the  multi*channcl  receiver  with  a  focal  plane  fiberoptic  coupling  Ls 
much  less  than  the  development  of  a  brand  new  laser  oscillator  concept  all  the  way  lo  serial  production 
and  Held  support 
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Figure  5  ‘Profiling  Range  (Km)  v  Visibilily 

A  high  rep  rale  .serial  (argcl  pruMIcr  would  be  either  a  .separate  rrwdulc  with  its  own  power  .supplies  and 
driving  elecDonk.s  (demanding  additional  volume  on  (he  platform),  or  il  could  be  incorporated  in  a  much 
more  c*omplcx  resonator  including  "three  osclllatons  In  one".  Such  a  concept  v/ould  be  very  costly  in 
development,  production,  and  O&S  The  buil(*in  mulu* functionality  within  xuch  a  transmitter  would  not 
allow  the  flexibility  to  reduce  complexity  and  cost. 

4.4  MILES 

MILES  training  capability  requires  the  addition  of  a  laser  transmitter  capable  of  emiiung  904mm  laser 
pulses  at  a  3KH2  repetition  rate.  The  MILES  laser  transmitter  optics  collimates  the  beam  (o  allow  for 
simulation  of  (he  designator  effective  ranges.  The  MILES  laser  transmitter  is  ctimprised  of  a  laser  diode, 
lens  element,  and  encoder  board  The  MILES  laser  beam  of  typically  I  pJ  per  pulse  is  combined  as  close  as 
possible  to  the  laser  exit  aperture  to  simplify  beam  combining. 

Il  is  eslirruted  (hat  the  MILES  laser  transmitter  can  be  packaged  within  S  in.'  and  therefore,  can  be 
added  to  the  core  capabilities  with  minimal  volume  impact.  As  adding  MILES  involves  no  increase  in 
average  power,  the  pov/cr  and  heat  dissipation  assessment  remains  low  on  rrKist  plaiftirms  and  moderate  on 
the  M1A2  and  Bradley. 

4.5  E/e&o-Optfcal  Defection 

Including  EOD  along  with  ihc  designator  and  rangefmder  requirements  addresses  approximately  60% 
ol  all  laser  sy.stems  platform  rcquiremcnus.  EOD  drives: 

•  laser  beam  divergence  control  requirements  (•20mrad) 

•  wavelength  .selection  (agile  tuning  or  2.0pm  operadon  desirable) 

.scanning  (approximately  20  times  the  divergence) 

receiver  technology,  laser  cooling,  and  laser  pulse  repetition  rate 

A  higher  degree  of  detection  success  requires  laser  output  within  ihe  operaung  band  of  ihc  target 
.sensor.  EOD  to  the  ranges  and  fields  of  regard  require  a  very  high  rep  rate.  The  needed  high  rep  rate  laser 
output  was  con.sidcrcd  to  involve  a  seexmd  laser  re.sonalor  and  had  an  unacceptable  volume  impact  on  most 
of  the  critical  platforms.  Limited  EOD  operation  was  analyzed  with  reduced  FOVs  but  effectively 
providing  the  needed  functionality  with  a  common  laser  Iransrrutter. 

Operation  at  1064nm  and  i540nm  was  prcsurr>ed  in  this  analysis  and  provides  EOD  of  visual  and  near 
infrared  optical  sensors.  Analysis  indicated  (hat  PRF  rates  and  ertergy  levels  for  designation  and 


rangctlnding  were  adequate  for  EOD  wiihln  a  limited  FDV.  Operation  with  the  natural  idler  output  at  3.3 
micron.s  offers  EOD  po.ssibilitie^  for  Mid  and  Long  [R  augmentation. 

OEO  detection  ii  a  feasible  additional  capability  to  both  airborne  and  ground  vehicles  to  be  added 
during  out  year  upgrades. 

5.0  Common  Module  “B  Kit" 

Twelve  common  module.s  arc  justified  as  partof  a  "B  Kit"  of  laser  rr>odule.s.  Performance 
.specifications,  packaging,  and  other  interface  requirements  were  defined  for  each  of  lhc.se  modules  A 
■'tallored*to*platform”  laser  system  can  be  cost  effectively  constructed  utilising  selected  B  Kit  modules. 

The  strawman  module  set  defined  ha.s  drawn  from  the  robust  and  mature  diode  pumped  Nd:YAG 
resonators  wllheyesafc  OPO  wavelength  con  vers  Ion  and  added  low  to  moderate  risk  Improvements 
providing  increased  on*the>ny  wavelength  selection  and  .smcxither  operational  rr>odc  changes.  The  new 
modules  are  in  mo.st  cases  smaller  but  do  not  sacrifice  stiffne.ss  and  ruggedness.  Each  rr>odulc  has 
interfaces  for  multiple  combinations  and  great  system  tailoring  flexibility.  Table  2  summaries  critical 
parairKter  flowdown  to  each  module.  The  laser  Engine  Module  includes  a  Diode  Pump  M«idule  and 
Wavelength  Con  verter/Se  lector. 


Table  2  B  KIT  Modules  and  Critical  Parameters 


U  KIT  Module 

CrllicaJ  Parameter 

W^gh 

t 

Si2e  (mm) 

Power!  W) 

Nd;YAG  Laser  Ensine 

l75mJ  cutout  at  l()b4nm 

2A()x70x87 

290  max 

Diode  Pump  Module 

TEC  cooled 

400g 

74x55x21 

290  max 

Wavelength 

Convcrtcr/Selector 

25  —  32mJ  at  1.57  ^  -I^J  at 
I.Ubum 

63g 

69x46x41 

4.2  max 

Receiver  Module 

Sineic  Elcmcnl  Dual  Wavelength 

80g 

68x28x37 

5 

Receiver  Array  Module 

multi 'Channel  receiver  electronics 

360g 

20x59x70 

0.2  max 

Laser  Diode  Driver 

8()A  @92%  cfficicncv 

12g 

164x60x28 

8.7  max 

Enervv  Sloravc  Module 

Elcctfolvtic  Storaec  Caos 

2 

Pockels  Driver 

3()00V  @  3ffl)iiA 

llUg 

71x55x15 

2,5 

Energy  Sense  Assy 

Output  energy  monitor 

20g 

40x35x20 

0.3 

MILES  Module 

luJ  &  904nm,3KHa 

42g 

25x51x13 

l.O 

A  common  diode  pump  module  Includes  a  diode  pumped  oscillator  and  a  diode  pumped  amplifier: 
twnh  pumped  with  the  same  type  of  diode  bars  and  located  on  a  Thermo*Elcctric  Cooler  (TEC)  is 
proposed  This  DPM  module  is  mounted  on  a  heat  exchanger  (A  Kit  module)  and  connected  the  optical 
bench  of  the  common  175mJ  laser  transmitter.  Thus,  commonality  is  achieved  on  multiple  levels: 
components  (diodes,  TEC,  etc.),  module  (DPM.  WL  converter,  etc.),  and  the  laser  transmitter  optical 
bench  "supcr*modulc”. 

Four  of  the.se  modules  arc  highlighted.  The  resulting  trade  flow  down  performance  and  Interface 
Specifications  are  shown. 


5.1  Diode  Pumped  Nd:YAG  175  mJ  Common  Laser  Engine 

A  highly  compact  cormnon  high  energy  175mJ  diode  pumped  Nd:YAG  Laser  Engine  and  OPO  based 
wavclcnglh  conversion  provide  a  wide  range  of  upgrade  utility:  The  high  output  meets  the  high  end 
mission  energy  requirements  and  the  compact  sixe  was  driven  to  the  rr>cet  the  smallest  space  claims.  The 
weight,  sixe.  and  cfTiciency  performance  trades  and  analysis  based  on  a  mature  pump  geometry  suggest  a 
low  to  moderate  production  risk.  Tlie  common  module  laser  engine  interface  specification  could  allow 
detailed  geometry  within  the  unit,  but  would  at  a  minimum  require  using  particular  diode  stack  modules. 

The  Common  laser  engine  will  likely  be  used  as  a  drop-in  common  module,  but  itself  is  an  integrated 
subassembly  of  other  common  modules  (a  “super-module”).  To  provide  a  more  open  architecture,  several 
interfaces  within  the  laser  engine  arc  defined  to  simplify  future  upgrades  and  improvements.  The  diode 
stack  interface  is  one  of  these. 


Figure  6 —  Common  175mJ  Nd.YAG  Laser  Engine 


Table  3  —  Common  Nd:YAG  Laser  Engine  Specifioaiions 


Output  Energy 
@  l.Oftpm 

175mJ 

Beam  Quality 

9mm"mrad 

Pulse  ividth 

20  ±5n.s 

Raw  Beam  Divergence 

1.5mrad 

Pumping  efficiency 

41% 

Cooling 

TEC  &  Air  Fins  Heal 
Exchanger 

35mJ  @I.57pm 

Beam  Quality 

33mm"mrad 

Pulse  ividth 

I2±5ns 

Operating  Temperature 

.32”Clo+56"C 

Siae  (mm) 

260x70x87 

Weight 

780g 

[nout  Electrical  Power 

Diodes  I20W 

TEC  l70Wmax. 

5.2  Diode  Pump  Module 


The  diode  pump  module  inicgcalcb  ihe  pumping  diode  slacks.  Nd  YAG  rods,  and  ihermn-clcclric 
cooler  al  a  low  level  of  a.«embly.  This  module  provides  (hcrmal.  mechanical,  and  opCical  inlerl'acc 
controls  and  is  highlighted  due  to  Ihe  crilJcal  cole  diodes  play  in  overall  system  cost.  Inicmal  details  ot 
the  oseitlalor  and  amplifier  georrKiry  provide  for  flexibilily  in  Ihc  number  of  stacks  and  the  output  laser 
energy.  Siac>  weight,  and  electrical  current  constraints  are  based  on  mature  designs  and  deemed  low  risk. 


Diode  Pump  Module:  Interface  Specification  Summary 

41% 

0-s  witched  OulDul  Enerirv 

175  mJ@  l.Oftum 

Laser  Diode  Current 

80A  max 

Diode  Temperature  Regulation 

±5  dcgC 

Operating  Temperature 

.32"Cto+56"C 

Shock 

40G/I8m.s&  ia()G/2ms 

Siae  Imm) 

74x55x21 

Weight 

4<M)g 

Figure  7  Diode  Pump  Module 


5.3  Wavelength  Converter  Module/  Wavelength  Selector  Module 

Dynamically  sclcc(ing  wavelength  (c.g.  from  1.06Mm  dcbignalion  (o  1.57^iin  eyesafe  rangetmding 


Wavelength  SelecWr  ^ 

®  Wavelength  Converter 


Figure  8 —  Common  Wavelength  Converter /Selector 

and  target  prohling)  is  commonly  required  at  the  opemtional  level.  The  adopted  module  sixt  is  consistent 
with  proven  wavelength  switches  diverting  into  OPO  chain  with  the  required  bore.sight  accuracy.  This 
technology  has  been  implemented  as  required  In  a  practical  engineering  design,  and  Is  con.sidered  as  a 
low-risk,  existing  technology. 


Table  4  —  Wavelength  Converter/Selector  Specification 


Switch!  nv  Tirrw 

Less  than  1  see 

All  .solid  state 

KTP  Crystal;  active  material 

1.06/1.57um  Conversion  Efficiency 

20% 

Output  Beam  Brightness 

33mm"mtad 

Maturity 

In  serial  production  for  various  LRFs 

Beam  siae  at  output 

Same  as  for  l.()6um 

Residual  1  ()6;im  energy 

l^J/pulse 

Temperature  Stabiliaation 

±40"C 

Vottage/Current 

28VDCA)  1 50  Amp  Max  (at  no  load) 

Laser  Safety  Failsafe 

Micro-Switch  Protection 

Siae 

69x46x41  mm 

Weight 

TBD 

Power  Consumption 

4.2W  max 

6.0  Conceptual  Outlines  and  “A  Kit"  for  the  Apache  and  Abrams 

The  conceptual  de.sign  goal  was  to  implement  the  core  capabilities  oreyesafe  laser  rangclmding  and 
la.scr  designating  and  add  capabilities  of  MILES  training  simulation  and  laser  target  profiling.  The 
volume  constraints  of  the  current  laser  sy.stcm  are  met  providing  a  form  fit  f«ir  a  function  upgrade  to  these 


Ay.sccms.  The  conccplual  design  aUo  served  (o  bellcr  define  A  Kll  modules  and  lo  provide  ihe  baseline  for 
cos(  cslimalcs.  This  conccpC  was  icsled  for  two  IPT  selected  plalforms  (Apache  and  M I A2)  in  order  (o 
dcmunslrale  ihc  feasibility  of  constructing  a  practical  muld-runctiunal  laser  based  on  the  selected  B  Kil 
modules. 

The  HT[  system  design  concept  seeks  lo  provide  modularity  of  the  system  structure  and  design, 
common  optics,  and  low  system  power  with  diode  pump  technology.  Central  to  this  modularity  concept 
is  a  Diode  Pumped  Laser  (DPL)  optical  bench  in  a  compact  and  versatile  form  factor.  The  DPL  laser 
bench  integrates  mounting  features  for  flexible  coupling  of  a  pre-beam  expander  telescope,  wavelength 
converter,  and  wavelength  selector  for  maximum  boresight  stability  and  for  an  operable  subassembly. 

The  remaining  mi^dules  ate  grouped  and  compartmentali^d  around  this  major  module  to  efficiently  use 
the  available  space. 

A  common  optical  channel  is  a  basic  element  of  the  design  approach.  A  highly  common  optical 
channel  design  reduced  volurrK  and  weight  to  meet  Ihe  tightest  airborne  weight  budget.  This  common 
optical  channel  is  folded  with  refractive  clcrr>enls  with  ^oom  operation  and  compensalion.s  at  multiple 
wavelengths  Dual  passband  coaling  requiremenLs  at  l.Of  and  1,57  microns  also  provide  adequate 
transmission  at  yOSnm  for  MILES.  The  refractive  design  is  more  forgiving,  lower  cost,  and  allows  for 
continuous  xoom  operation. 


(Figure  9  System  2350  Apache  Multifunctiiinal  Laser)  and  (Figure  10  System  2350  Ml A2 
Multifunctional  Laser)  show  the  two  conceptual  layouts  with  Ihe  above  common  design  features  and  Ihe 
common  module  configurations  shaping  lo  fit  within  the  space  claim.  The  Apache  electronics  arc  divided 
between  aclo.se  proximity  electrical  compartment  w  ithin  Ihe  LTU  and  a  remote  LEU. 
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Figure  9  System  2350  Apache  MulCtfuncltonal  Laser 
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Figure  10  SysUm  2350  M1A2  Multifunctional  Laser 

The  Abrams  LTU  is  packaged  wilhin  ihc  dimensions  ol'lhc  existing  Ml  A2  laser  rangefinder  housing 
and  is  integrated  into  the  gunners  primary  sight  unit.  The  dimensions  of  the  main  housing  arc 
approximately  394. 5x223 .5x1 09.5mm  (HxLxW).  The  internal  space  is  divided  Into  laser,  optical,  and  a 
close  proximity  electronics  compartment.  A  logic  Interface  and  pov^cr  supply  cards  would  be  a  pordon  of 
die  "A”  Kit  and  fit  within  a  VME  .slot  ouLsidc  the  LTU. 

7.0  Costand  Risk  Evaluation  Highlights 

S20K/.system  in  life  cycle  savings  is  projected  with  common  modular  sy.stems  on  several  platforms. 
Reduced  development  costs  at  the  module  and  B  Kit  level,  reduced  recurring  productions  cosLs  due  to 
greater  quantities,  and  reduced  logistics  costs  are  all  significant.  Based  on  our  analysis  of  the  non* 
recurring  cost  benefits  of  using  a  common  B  Kit  module  across  six  t6)  platforms,  a  savings  in  excess  of 
S30M  can  be  achieved  Additional  savings  can  be  realized  with  reduced  training  and  support  duplication. 

The  basic  laser  optical  bench  and  clectronic.Vcomponents  for  the  B  Kit  Core  Capability  arc  already 
under  development  as  part  of  the  Comanche  Program  and  the  SELRD  development  for  the  OH*58D 
Kiowa  Warrior.  The  design  teams  for  the  Comanche,  SELRD.  and  System  2350  have  been  In  continuous 
contact  throughout  this  study  activity  specifically  for  the  purpose  of  keeping  the  common  module  base  as 
wide  as  passible.  Non*Core  Capabilities  such  as  the  profiler  modules  will  be  developed  under  a  separate 
program(s). 

7.1  Life  Cycle  CostAnefysis 

The  Army’s  Value  Engineering  Gn'up  In  AMCOM  recently  concluded  for  the  OH-58D  Kiowa 
Warrior  that  a  Diode  Pumped*bascd  la.scr  will  generate  significant  Operation  &  Support  (O&S)  savings 
over  the  existing  Flash  lamp  Pumped  laser  largely  due  to  its  improved  reliability.  A  Diode  Pumped  la.scr 
is  expected  to  have  a  MTBF  in  excess  of  5.000  hours  with  its  conductive  cooling  and  solid  state  design. 


Thi&  represents  an  order  ot  magniludc  improvement  over  existing  flxsh  tamp  pumped  lasers.  Table  S 
provides 

the  results  of  the  LCC  Analysis  performed  for  (he  Kiowa  Warriiir  and  Apache.  The  increased  laser 
reliability  significantly  improves  fielded  system  MBTF.  Another  source  of  O&S  savings  is  generated  by 
the  eyesafe  rangefinding  and  training  capabilities  inherent  in  the  multi  •functional  design  of  the  SELRD 
This  eliminates  the  need  for  the  Army  to  procure  eyesafe  training  lasers. 


Table  5  —  LCC  Cost  Analysis  Summary 


Kiowa 

Total  Net  Benefits  120  Years  , Constant  1997  Dollars) 

5296,727.858 

$180,582,838 

Total  Investment  (Recurring  Production) 

$73,827,241 

$113,435,777 

Pavback 

4.8  Years 

6.6  Years 

7.2  Production  Cost  Aryaiysis 


Recurring  production  costs  savings  were  evaluated  based  on  directed  IPT  assumptions  for  platform, 
quantities,  and  production  rates.  Even  using  a  relatively  conservative  learning  curve  for  production  of 
B  Kit  module.s  will  generate  savings  of  more  than  $22M  when  quantities  are  increased  from  1,000  to 
4.000  at  a  200*unityycar  rate.  The  reduction  of  laser  diode  stack  costs  stems  from  the  increased  quantities 
of  the  common  components  and  tvill  contribute  an  additional  S50M  in  savings  with  a  diode  costAV'att 
decrease  by  S2.  The  use  of  common  laser  modules  and  B  Kit  units  could  realistically  save  the  U.S.  Army 
over  SltXlM  over  the  next  10-15  years  as  the  aging  lasers  In  the  Kiowa  Warrior  and  Apache  are  upgraded 
and  new  systems  such  as  the  Comanche  and  Future  Scout  enter  into  service. 

7.3  Parformanca  Risk 

Conceptual  designs  for  ttvo  platforms  combining  the  basic  functions  of  tactical  designation  with 
switchable  eyesafe  range  finding  and  training  modes  were  examined  and  found  to  have  a  low  performance 
risk.  CAD  packaging  trials  shoved  reasonable  fils  into  the  allocated  Apache  and  M1A2  platform  space 
claims  Thermal  and  power  management,  decontamination  requirements,  and  the  respective  vehicles’ 
environmental  requirements,  were  considered  in  the  risk  assessment.  Similarities  to  existing  programs 
reduce  the  risk  associated  with  the  A  and  B  Kit  integration. 

The  schedule  risk  associated  with  the  basic  Core  Capability  is  low.  However,  there  is  some  moderate 
risk  associated  with  packaging  the  Target  Profiler  and  the  MILES  components.  The  B  Kit  presented  In 
this  study  is  comprised  of  the  multi-channel  receiver  PCBs  (SMT*based>  and  fiber-optic  bundles 
Although  the  technology  is  mature  enough  to  ment  a  low -risk  classification,  there  is  risk  associated  with 
the  volurrw  that  Is  available  for  these  elements  In  the  LTTJs  of  the  Apache  and  the  M I A2.  If  during  the 
EMD  phase  it  Is  determined  impractical  to  Implement  the  desired  packaging  (as  envisioned  In  the 
presented  conceptual  design),  and  a  hybrid  electronics  solution  is  required  to  enable  both  the  Target 
Profiling  (TP>  and  the  MILES  In  the  Apache  plalfiirm,  additional  risk  will  be  incurred  on  the  program 
schedule. 

This  set,  compri.scd  of  the  ^oom  telescope  and  receiver  optics,  is  based  on  proven  engineering  design, 
and  therefore  considered  a  low  risk,  provided  the  appropriate  allocation  in  the  EMD  re.sourccs. 

8.0  Conclusion 


The  study  outlined  a  method  to  establish  an  open  architecture  with  low  risk  grr’wth  path  based  on  a 
high-level  common  diode  pumped  laser  transmitter.  The  study  also  demonstrated  the  feasibility  and  cost 


ctfeclivcnebs  of  mijKi*runclionol  la5«rv  based  on  such  a  comnion  iransmiller,  as  well  as  on  other  B  Kil 
modules. 

Kollsman/ELOP  currenlly  provides  a  robust  and  demonsiratcd  laclical  Diode  Pumped  Laser  for  the 
Comanche  Program  and  a  Swilchable  Eyesafe  Laser  Range!  mdcr/Dcsignalot  lo  upgrade  the  Kiowa 
Warrior  Laser.  A  variant  of  this  laser  l.s  shov»Ti  to  be  rcaU.slically  extendable  and  provides  near-term 
capabilities  for  MILES  training  and  Target  Profiling.  This  study’.s  emphasis  on  mulli>l'unetionaI 
operation  and  broad  platform  compatibility  outJines  a  realistic  program  reducing  the  siac  and  power  of 
existing  engineered  hardware  to  meet  prioritized  platform  constraints.  The  eomnum  modular  tran.smilter 
and  other  common  rT>odule.s  would  be  natural  outgrowths  proceeding  to  a  low  unit  cost,  large-.scale 
acqui.sition  in  support  of  the  U.S.  Army's  HTI  for  Tactical  Laser  Program. 
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